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Abstract : The pseudopotential formalism for binary alloy superconductors due to Allen 
and Dynes and Khan e t a l  has been applied for the study of dependence ol the superconducting 
stale parameters like electron phonon coupling strength A, transition temperature 7’, isotope effect 
exponent a  and>the interaction strength on the pseudopotential form factors. Six
pseudopotentials in conjuncUon with RPA form of dielectric screening have been employed for the 
calculation of the above mentioned parameters for a number of Bi-based alloys On comparing the 
calculated Tc values with experimental data available m literature, it has been observed that the 
linear potential provides the best results for Bi j._rlnc and Bi j rSb(. alloys whereas the linearised 
screened pseudopotential yields results in good agreement for Bi \ rJnr, Bi] rTl( and Bij_.t.rt>c 
alloys. The values of a  and N q V  for these alloys have been calculated by using the best 
pseudopotentials mentioned above.
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The discovery of high temperature superconductivity [1,2] in metallic oxides like 
La2-jc(Sr, Ba)^Cu04, YBa^Qi^O^ etc has created renewed interest in the alloys of metallic 
superconductors. The BCS-Eliashberg-McMillan's formalism 13—5] for metallic 
superconductors was extended by Allen and Dynes [6] for its application to the binary alloys. 
Khan et al [7] reexamined the formalism and applied it to a number of In-based alloys. The 
results obtained by them were in good agreement with available experimental data.
The selections of appropriate forms of the pseudopotential and the dielectric screening 
function are the essential ingredients of a Successful pseudopotential analysis of metallic 
alloys. The former can be accomplished by carrying out the study of the dependence of 
superconducting state parameters of the alloy superconductors on the pseudopotential form 
factors. The present authors investigated earlier [8] the dependence of superconducting state 
parameters on dielectric screening function and it was found that the Random Phase 
Approximation (RPA) form [9] of the dielectric screening is the best for explaining the
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t^jv»rrrwuiiwting behaviour of the In-based alloys. As such, this fonn of the screening was 
considered suitable for Bi-based alloys also.
In the present work, superconducting state parameters A, and Tc are determined by 
employing six different forms of the pseudopotential fonn factors on the basis of McMillan's 
formalism [4 ,5] for the alloys under consideration with Bi as host and In, Tl, Sb and Pb as 
impurities at different concentrations. These results have been compared with experimental 
data The values of the isotope effect exponent a  and the interaction strength N 0V have also 
been worked out by employing the pseudopotentials which provide Tc values in the best 
agreement with the experimental data. The dependence of a  and N0V on concentration of the
Figure 1. Hie venation of isotope effect exponent a  with concentration (c) of 
impurity in host Bismuth.
The expressions employed for the evaluation of the superconducting state parameters 
are given by [8]
No
V
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Figure 2. The variation of interaction strength NqV with concentration (c) of impurity in 
host Bismuth.
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where AB refers to alloys A ^B ,. and M  and Z are ionic mass and valency of metal 
respectively. V&(£) in eq. (1) represents screened pseudopotential form factors which are 
given by
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V'abU ) = e(x) ’ (6)
where are the bare electron ion form factors for the alloy and c(a) is the dielectric
screening function, for which R.P.A. foim [9] has been employed. The different forms of the 
pseudopotentials used in this work a re :
(1) Heine-Abarenkov potential (Vha) [10]; (2) Linear potential (VLP) (11]; (3) Aschrofl's 
potential (VASC) [12]; (4) Linearised screened pseudopotential (VLSP) (13]; (5) Veljkovic and 
Slavic potential (Vvs) 114]; (6) Harrison potential (Vnp) [15]. Vegard's rule has been 
employed for obtaining the relevant pseudopotentials for the alloys under consideration.
The input parameters required in this work are obtained for the alloys under 
consideration from the metallic data by the use of Vegard's rule except for QD which is 
obtained from the Grimvall's relation 1161. Similarly, the most representative root mean 
square frequency < w2> 1/2 for the alloy is obtained from the relevant metallic frequencies by
1 1 — c
(7)
The values of the input parameters i.e., band mass (mh), effective mass (m*), Debye 
temperature ( 6Jr>), Fermi radius (kp) and the most representative phonon frequencies for the 
longitudinal and transverse branches (wL and wT) have been taken from ref [11], except for 
Bi and Sb. The values of mb, m* and kp for Bi as well as the value of kF for Sb and the 
atomic volume for all metals have been taken from ref [17]. The values of mb and m* for Sb 
have been taken equal to one as the relevant date is not available in literature. The values of 9D 
lor both the semimetals have been taken from ref [18] and values of <w2> 1/2 have been 
calculated by using the empirical relation <w2>m = 0.69 6b due to Butler [19]. The potential 
parameters have been taken from relevant references [7,11,13,17 and 20] for the metallic 
phases, except for Bi and Sb for which their values are obtained by fitting the pseudopotential 
form factors.
Table 1 contains the presendy calculated values of transition temperature Tc along with 
the experimental data [6,21]. It may be observed that the linear potential provides the best 
results for Bi ^ Jn,. and Bij_cSbc alloys whereas the linearised screened pseudopotential yields 
results in good agreement for Bij.Jtac, B i ^ H  and Bi!_cR)c alloys. These values also $how 
good agreement with the other theoretical results [22 and 23],
The values of isotope effect exponent a  and the interaction strength N 0V for these 
alloys have been calculated by using the pseudopotentials which provide best match with
experimental Tc , as discussed above. These results have been shown in Figures 1 and 2 
respectively. From these figures, it may be observed that the a  and N 0V values show small 
changes with concentration (c) for Bi t~cPbc alloys whereas the variation is considerable for 
the case of Bi i_cSbc alloys. For other alloys the variation has been found to be moderate. 
From curve D in Figure 1, we notice two peak-like structures at concentrations c = 0.4 and
0.75 approximately for B i^h ^  alloys. Similar structures though less prominent, are also 
observed for this system from curve D in Figure 2. These structures suggests 
stoichiometrically favourable phases providing stronger coupling at these concentrations.
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